Introduction
Listeria monocytogenes is widespread in nature, but human illness is almost always food-borne. Listeriosis is a rare but serious illness, mainly affecting elderly people, pregnant women and their unborn fetuses or newborn babies, and people with serious underlying disease [1] [2] [3] [4] . The three most common clinical manifestations of listeriosis are febrile gastroenteritis, invasive illness (manifesting as bacteraemia, sepsis and/or meningitis) and maternal-fetal/neonatal listeriosis [2] . The disease burden of 14 food-borne pathogens in the Netherlands was assessed for 2009 [5] . The disease burden of listeriosis on population level was low (12th place; 96 disability adjusted life years (DALY) per year) but ranked second on individual level (1,220 DALY per 1,000 cases of illness), after toxoplasmosis and higher than for example salmonellosis and campylobacteriosis.
Identification of food products associated with listeriosis is difficult, because of the ubiquitous and psychrotrophic (cold-tolerant) nature of L. monocytogenes, the long and varying incubation period, and because severe illness is mainly restricted to vulnerable populations [6, 7] . Outbreak investigations can provide information about risk products. In the case of listeriosis, outbreaks are often associated with errors during food production, such as contaminated slicing machines followed by opportunities for growth of the pathogen [8, 9] . However, outbreak-related cases comprise only a small percentage of all listeriosis cases. In the Netherlands, no outbreak of listeriosis has been identified yet. Case-control studies of sporadic cases are useful for identifying risk factors, although it is more difficult to detect sources, as the cases do not necessarily share a single common source or food product [10] .
Identification of risk factors for sporadic cases of listeriosis can help direct public health actions to prevent listeriosis, such as improved food safety messages for specific groups at risk. Here we performed a case-control study to determine host-and food-related risk factors for non-perinatal listeriosis in the Netherlands.
Methods

Listeriosis surveillance
In 2005, voluntary surveillance for human listeriosis was started in the Netherlands. Clinical microbiological laboratories were asked to report positive cultures of L. monocytogenes to the municipal health services. The health authorities contacted these patients with a questionnaire, and when possible interviewing them. If the patient had died or was too ill to be interviewed, spouses were interviewed when possible. The questionnaire contained items about underlying diseases and exposure to possible risk factors in the 30 days before the date of onset of the listeriosis. Listeriosis became a notifiable disease in the Netherlands in December 2008 and the procedure for voluntary surveillance was formalised. Unfortunately, the notification questionnaire with a focus on underlying disease and food consumption was shortened and now contains fewer food items.
Since 2005, clinical microbiological laboratories have been sending Listeria isolates from patients with invasive disease to the Netherlands Reference Laboratory for Bacterial Meningitis (NRLBM), which forwards the isolates to the National Institute for Public Health and the Environment (RIVM) for pulsed-field gel electrophoresis (PFGE) and serotyping. The laboratories can also send Listeria isolates from patients with other symptoms directly to the RIVM. This procedure did not change when voluntary surveillance became surveillance based on notifications in 2008.
Control survey
In July 2008, a periodic control survey with a self-administered questionnaire was started in the Netherlands targeting the general population. The aim was to obtain data for identifying risk factors for several gastrointestinal, food-borne and respiratory infections. Three to four times a year, a random sample of the population is drawn and approached. The questionnaire comprises items about food consumption, contact with animals, travel and outdoor activities, health and underlying diseases and some demographic details. Only items phrased exactly the same as in the questionnaire used for the listeria case and administered in the same time period were included in the analyses. For a more detailed description of this control survey, see [11] .
Case-control study
Cases and controls were included in the case-control study when they became ill or completed the questionnaire, respectively, between 1 July 2008 and 31 December 2013. This means that almost all listeriosis cases were reported via mandatory notification. Because the focus of the study was on non-perinatal listeriosis, pregnant women were excluded. Further exclusions applied to cases and controls were: (i) age 18 years or younger, as this group rarely develops listeriosis, (ii) travel abroad in the four weeks before illness or before completing the questionnaire, (iii) missing data on underlying disease or on use of immunosuppressants.
Case-case comparison
Also a case-case comparison was done, comparing infections with L. monocytogenes serotype 4b with those with serotype 1/2a. The two groups of cases were analysed for differences in underlying disease and food products eaten.
Data analysis
Logistic analyses in the case-control study were done in two phases. Firstly, underlying diseases and use of medicines were analysed, adjusted for sex, age group (five categories), season (four categories) and level of urbanisation (five categories). All variables with p values < 0.1 were included in a multivariable model for further assessment, using backward selection. At each step, the least significant variable was removed from the model, until all variables in the model had reached significance (p < 0.05) and the model was significant. At every step, the estimated odds ratio (OR) for the remaining exposure(s) was checked for major changes compared with the previous step. If removal of a variable had led to a major change, the exposure would have been retained in the model. In the second phase of the logistic analyses, the food consumption of cases and controls was analysed only including persons with the underlying diseases and/or medicines used that remained in the final model of phase 1. Food consumption consisted of 10 variables of meat products, eight fish and seafood products and five dairy products. Also, a variable was added about how often the respondent normally cleaned their refrigerator.
In the case-case comparison, underlying disease and food consumption were analysed together in one model, instead of the two phases that were applied in the case-control analyses. All analyses were done using SAS software, version 9.3 (SAS Institute).
Results
Between July 2008 and December 2013, 406 patients with non-perinatal listeriosis were reported, of whom 241 were men (59%), 163 women (40%) and two of unknown sex (0.5%). Incidence of non-perinatal listeriosis increased with age, but the increase was more pronounced in men than in women (Figure) . Incidence remained below 1 per million inhabitants up to the age of 50 years, and then increased to almost 54 (men) and 21 (women) per million inhabitants 80 years or older. Forty-one of 345 cases with known status died (12%), A total of 2,363 controls completed the questionnaire in the specified period. Three of the 406 patients and 287 controls were 18 years or younger, and were excluded from the case-control analyses. Furthermore, 19 cases and 267 controls had been abroad, and for a further 105 cases and 76 controls, no medical history was available. The case-control analysis therefore comprised 279 cases and 1,733 controls. Infection with L. monocytogenes serotype 4b was most common (n = 98; 35%), followed by serotype 1/2a (n = 67; 24%) and serotype 1/2b (n = 33; 12%); serotype 1/2c (n = 5; 2%) and 3b (n = 1; < 1%) were rarely seen, and for 75 patients (27%) no serotype was available. Thirty-one of the 273 listeriosis cases included in the case-control analyses died (11%), for six cases the outcome was unknown.
Characteristics of the patients and controls included in the case-control analyses are given in Table 1 . Cases were more often male (62%) than controls (42%) and were older, with a median age of 72 years compared with 59 years.
Only a small number of cases (8%) had no underlying disease, in contrast to the controls of whom 70% had no underlying disease ( A total of 246 cases (88%) and 288 controls (17%) had one of the underlying diseases from the final model or used immunosuppressants. Analysis of the food consumption in this group of cases and controls did not reveal any risk products. Eight of the 10 meat products, two of eight fish and seafood products and all five dairy products were eaten significantly less often by the cases than by the controls. The remaining eight products were eaten as often. No difference was seen in the frequency of cleaning the refrigerator.
Comparison of the cases with the two most commonly found serotypes, 4b and 1/2a, did not reveal any differences in underlying diseases or food consumption.
Discussion
In the present study, high age, male sex, underlying disease, especially cancer and kidney disease, and immunosuppressive medicine use were strong independent risk factors for acquiring non-perinatal listeriosis. These factors have been described before [7, 12, 13] . In a case-control study in Australia, usage of gastric acid inhibitors was identified as risk factor [14] . In the present study, gastric acid inhibitors were found a significant risk factor in the univariable analysis; in the multivariable model, it was no longer significant. This can be due to stronger effects of the comorbid factors that did remain in the final model. Bavishi and DuPont [15] concluded in their systematic review that the use of proton pump inhibitors can lead to bacterial colonisation and increased susceptibility to enteric bacterial infection. Although the evidence may still be weak for listeriosis, the biological plausibility of the effect of gastric acid inhibitors on the gastrointestinal system warrants caution in the use of these drugs, especially in already immunocompromised persons.
To exclude the impact of these host factors when examining high-risk food products, food consumption was analysed including only highly susceptible cases and controls (with underlying diseases or taking immunosuppressants). None of the food products could be labelled as risky food. This could be due to similar food advice given to both cases and controls; however, we had not asked about received food advice. Overall, identification of high-risk foods in a case-control study with sporadic cases can be difficult due to the ubiquity of the microorganism in the environment and fluctuating rates of contamination of food products, but also because some risky food products are frequently consumed in the control population, and (13) 347 (20) the varying incubation period [7, 10, 13, 14] . Besides host and environmental components, virulence of the pathogen is another important risk factor [7] . Dose-response data are based on different animal and in vitro models and on epidemiological data from outbreaks which are scarce and have limitations. Another possibility for establishing food products as high-risk is by subtyping and comparing Listeria isolates found in humans and in food products [14] . Although finding similar strains in humans and in food does not prove causality, it could provide information about possible sources of infection and help us understand observed trends in human cases [16] .
In our analyses, some food products generally recognised as risk foods for Listeria were significantly less often eaten by cases than by controls with similar host susceptibility. This probably indicates that persons with underlying diseases (cases and controls) have some knowledge about high-risk food and to some extent avoid eating such products. However, other often mentioned explanations include bias through differential recall of exposure between cases and controls or association of the food product with other unmeasured factors, such as the way and how long a product is stored at home. Furthermore, controls could possibly be less susceptible because underlying diseases are less frequent or less severe, or acquired (partial) immunity following frequent exposure to the high-risk food products [10] . Although it is assumed that immunity to L. monocytogenes in humans is long-lived, it has only been shown in mice [17] [18] [19] .
Case-control studies in sporadic cases are commonly complex and resource-intensive [10] . In the present study, almost all cases in the case-control study were derived from the notification system as listeriosis has been a mandatory disease since December 2008. The controls originated from an ongoing control survey carried out since July 2008 [11] . This reduced substantially the extra work of seeking and contacting controls. A bias may have been introduced as most cases were personally interviewed by telephone while the controls received a self-administered questionnaire by post. Furthermore, the questionnaires to controls were sent on three defined dates per year, whereas cases occur throughout the year. The overall response rate in the control survey was 36% between July 2008 and December 2013. Analysis of the response in the period July 2008 to December 2012 showed a small underrepresentation of men, young people, people living in large cities and persons with both parents born outside the Netherlands [11] . Questioning persons can lead to exposure misclassification and recall bias [14] . Recalling food consumption more than four weeks in the past is difficult, especially when questioning spouses, and can make the respondents more likely to report usual food preferences than exact exposures.
Because of the ubiquity of the microorganism in the environment and the psychrotrophic nature of the bacterium, a wide variety of food products can become contaminated with L. monocytogenes and, when prepared without heating just before consumption, can infect a susceptible person [4] . Measures to minimise Table 2 Underlying diseases and use of medicines in listeriosis patients (n = 279) and control subjects (n = 1,733), the Netherlands, July 2008-December 2013 the chance of contamination at the time of consumption are use of high-quality ingredients, hygienic manufacturing practices, indication of appropriate shelf-life, correct refrigerated storage, education of food handlers and food service managers, and monitoring of food industry, catering and retail [8, [20] [21] [22] . However, L. monocytogenes contamination cannot be entirely prevented. Thus, pregnant women, the elderly and persons with diseases and/or medications weakening the immune system should receive information about the presence of L. monocytogenes and advice about potential high-risk food products and how to handle food safely [13, 20] . Due to the relatively high usage of gastric acid inhibitors and the biological plausibility of the effect on the gastrointestinal system, adding the group of users of gastric acid inhibitors to the high-risk groups should be considered.
